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ABSTRACT
The magnetic chemically peculiar (Ap/CP2) star 21Com has been extensively stud-
ied in the past, albeit with widely differing and sometimes contradictory results, in
particular concerning the occurrence of short term variability between about 5 to 90
minutes. We have performed a new investigation of 21Com using MOST satellite
and high-cadence ground-based photometry, time series spectroscopy, and evolution-
ary and pulsational modeling. Our analysis confirms that 21Com is a classical CP2
star showing increased abundances of, in particular, Cr and Sr. From spectroscopic
analysis, we have derived Teff = 8 900 ± 200K, log g = 3.9 ± 0.2, and υ sin i = 63 ± 2
km s−1. Our modeling efforts suggest that 21Com is a main sequence (MS) star seen
equator-on with a mass of 2.29 ± 0.10M⊙ and a radius of R= 2.6 ± 0.2R⊙. Our ex-
tensive photometric data confirm the existence of rotational light variability with a
period of 2.05219(2)d. However, no significant frequencies with a semi-amplitude ex-
ceeding 0.2mmag were found in the frequency range from 5 to 399d−1. Our RV data
also do not indicate short-term variability. We calculated pulsational models assum-
ing different metallicities and ages, which do not predict the occurrence of unstable
modes. The star 18Com, often employed as comparison star for 21Com in the past,
has been identified as a periodic variable (P =1.41645d). While it is impossible to
assess whether 21Com has exhibited short-term variability in the past, the new obser-
vational data and several issues/inconsistencies identified in previous studies strongly
suggest that 21Com is neither a δ Scuti nor a roAp pulsator but a “well-behaved”CP2
star exhibiting its trademark rotational variability.
Key words: Stars: chemically peculiar – stars: variables: delta Scuti – stars: variables:
general – stars: oscillations
1 INTRODUCTION
Several studies have been concerned with the occurrence
of pulsational variability in chemically peculiar (CP) stars
in the past. In the non-magnetic Am/Fm (CP1) stars,
γ Doradus and δ Scuti pulsations are regularly observed
(e.g. Smalley et al. 2011; Balona et al. 2011b; Paunzen et al.
2013; Smalley et al. 2017; Hu¨mmerich et al. 2017). The
magnetic Bp/Ap (CP2) stars, on the other hand, are known
to exhibit rapid oscillations (high-overtone, low-degree, and
non-radial pulsation modes) in the period range of about 5-
20 min. Stars exhibiting this kind of variability are referred
to as rapidly oscillating Ap (roAp) stars (Kurtz 1982). How-
ever, there are only very few studies that report the occur-
rence of γ Doradus and δ Scuti pulsations in CP2 stars, and
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some of these results remain controversial, as discussed be-
low.
Kurtz et al. (2008) claimed the first observational evi-
dence for δ Scuti pulsations and a magnetic field in the CP2
star HD21190. However, Bagnulo et al. (2012) considered
both the magnetic field detection and the CP2 classifica-
tion of this star spurious. Recently, Niemczura et al. (2017)
showed that this star is in fact a physical binary system for
which the complex interplay between stellar pulsations, mag-
netic fields and chemical composition has to be taken into ac-
count. Using Kepler data, Balona et al. (2011a) reported the
presence of γ Doradus and δ Scuti pulsations in several CP2
stars. However, the authors caution that the CP2 nature
of these stars needs to be confirmed by new spectroscopic
observations. Neiner & Lampens (2015) reported a 76(13) G
magnetic field for HD 188774, a δ Scuti/γ Doradus hybrid
pulsator (Lampens et al. 2013). This star is a very interest-
ing object because its spectral type of A7.5 IV-III clearly
places it beyond the terminal-age MS, which is confirmed
by the very precise Gaia parallax (Gaia Collaboration et al.
2016, 2018; Luri et al. 2018) available. HD 41641 has been
identified as a δ Scuti star with chemical signatures of a
mild CP2 star (Escorza et al. 2016). However, until now, no
magnetic field measurements are available for this object.
Finally, Neiner et al. (2017) reported the clear detection of
a magnetic field with a longitudinal field strength below
1G for the evolved Fm (CP1) δ Scuti pulsator ρ Pup (HD
67523). This star has often been studied in the past, with
several contradicting results (see Yushchenko et al. 2015 for
an overview).
The atmospheres of CP2 stars are enriched in elements
such as Si, Cr, Sr or Eu, and anomalies are usually present
as surface abundance patches or spots (Deutsch 1958; Pyper
1969; Goncharskii et al. 1983), probably connected with the
globally organized magnetic field geometry (Michaud et al.
1981).1 This leads to photometric variability with the rota-
tion period (e.g. Krticˇka et al. 2013), which is explained in
terms of the oblique rotator model (Stibbs 1950) and referred
to traditionally as α2 Canum Venaticorum (ACV) type vari-
ability.
In this paper, we present a new and detailed photomet-
ric and spectroscopic study of the enigmatic CP2 star 21
Com, which has been extensively studied since 1953, albeit
with widely differing and sometimes contradictory results.
21Com has been found to exhibit ACV variability; how-
ever, published rotational periods range from 0.9 to 11 d.
Furthermore, several studies claimed the existence of short-
term variability with periods typical of δ Scuti and roAp
star pulsations. Nevertheless, the existence of pulsational
variability in 21Com has remained a controversial issue and
widely differing claims as to the underlying period(s) have
been published (see Section 2).
If the published claims hold true, 21Com would be an
outstanding object from an astrophysical point of view be-
cause it shows ACV, δ Scuti and roAp-type variability - a
combination not known for any other star. To investigate the
literature claims in more detail and with modern instrumen-
tation, a wealth of new ground and space based photomet-
1 We note that not in all cases the surface structures are con-
nected to the magnetic field topology (Kochukhov et al. 2019)
ric as well as spectroscopic data were acquired. Photomet-
ric variability was investigated on time scales from minutes
to days. Furthermore, we analyzed radial velocity measure-
ments and performed an elemental abundance analysis based
on high-resolution spectra. State-of-the-art pulsational mod-
els were computed and compared with the observational re-
sults.
An overview of the literature results for our target star is
presented in Section 2. Data sources and frequency analysis
are described in Section 3. Abundances analysis, astrophys-
ical parameters, pulsational models and a discussion on the
evolutionary status are presented in Section 4. We conclude
in Section 5.
2 21COM AND ITS HISTORY
Cannon & Pickering (1920) first identified 21Com
(HD108945, HR4766, UUCom, V = 5.44mag) as a
CP2 star (spectral type A3pSr), which has been confirmed
by many subsequent studies. The star is currently listed in
the Catalogue of Ap, HgMn and Am stars with a spectral
type of A3pSrCr (Renson & Manfroid 2009).
21 Com has first been identified as a physical member
of the open star cluster Melotte 111 in Coma Berenices
by Trumpler (1938). Based on Hipparcos/Tycho data,
Kharchenko et al. (2004) estimated the membership prob-
ability as 93% from proper motions and 100% from the
location of the star in the colour-magnitude diagram and in
the sky. The star’s membership to Melotte 111 has later also
been confirmed by Silaj & Landstreet (2014). Melotte 111 is
a very close (distance between 85 and 100 pc from the Sun)
open cluster that has a very controversial age determination.
Literature values range from 400 to 800Myr (Tang et al.
2018), which is astonishing but in line with the estimates
for other open clusters in the solar vicinity (Netopil et al.
2015).
Shorlin et al. (2002) reported the detection of a very
weak magnetic field (109(44) G) in 21Com. This was con-
firmed later on by Landstreet et al. (2008) on the basis of a
clear non-zero signal in Stokes V . 21 Com is thus an excellent
target to study the minimum magnetic field strength needed
to develop surface stellar spots detectable via photometry.
Since 1953, almost twenty publications have dealt with
the variability of 21Com using photometric and spectro-
scopic measurements. For a discussion of these results, it
is important to distinguish between the aims of the differ-
ent studies. Observations were typically optimized to either
search for/analyse the long-term (ACV) or the short-term
(δ Scuti and/or roAp) variations. Variations on both time
scales were studied in only a few investigations.
We have investigated all individual references and
detected several inconsistencies with already published
overviews (e.g. Kreidl et al. 1990). For convenience, vari-
ability ranges were divided into an ACV (P > 0.5 d), δ Scuti
(10min< P < 0.5 d) and roAp (P < 10min) region. Table 1
summarizes the literature results for 21Com and is orga-
nized as follows:
• Column 1: reference.
• Column 2: an asterisk indicates the use of photometric
data.
• Column 3: employed filters.
MNRAS 000, 1–14 (2019)
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Table 1. The results of former investigations on 21Com and the present study. The dashes (“–”) in columns five to seven indicate that
the corresponding frequency range was not investigated.
References Phot Filter Spec ACV δ Scuti roAp Amplitude Comp
[d] [min] [min] [mmag]
Provin (1953) * 7.75 – – none
Deutsch (1955) * 1.0256 – – none
Bahner & Mawridis (1957) * V 11, 2.1953, 1.10 32 – 10 18Com
Blanco & Catalano (1972) * UBV 2.1953 – – 20 – 40 18Com, 22Com
Percy (1973) * BV – 30 – 20 18Com
Percy (1975) * BV – 30.4, 39.5 – 10 – 15 18Com
Aslanov et al. (1976) * 1.03 – – none
Weiss et al. (1980) * UBV 0.9178 32.7 – 7 – 21 18Com
Totochava & Zhiljaev (1981) * – 22 – none
Jarzebowski (1982) * – constant – none
Musielok & Kozar (1982) * B – constant 5.4, 5.9 1.5 17Com B, 18Com
Garrido & Sanchez-Lavega (1983) * U – 24 6 4.5 none
Weiss (1983) * – constant –
Zverko (1987) * β 1.837 90 – 19 18Com
Santagati et al. (1989) * none – 36 constant none
Kreidl et al. (1990) * UBVbv 2.00435 constant constant ≤ 30 18Com
Nelson & Kreidl (1993) * B – – constant none
Ventura & Rodono (1993) * B – 37, 65, 95 constant ≤ 4.5 TYC1989-1807-1
This work * MOST,v * 2.05219 constant constant 19 18Com, 22Com
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Figure 1. Frequency spectrum of the Zverko (1987) data that
have been prewhitened by the correct rotational period of 2.05219
d (cf. Eq. 1). No significant signals in the period range around 90
mins (∼16 d−1; indicated by the dashed line) remain.
• Column 4: an asterisk indicates the use of spectroscopic
data.
• Column 5: period [d] of the rotationally-induced (ACV)
variability.
• Column 6: period [min] of the δ Scuti variability.
• Column 7: period [min] of the roAp variability.
• Column 8: amplitude [mmag].
• Column 9: employed comparison star(s).
It has to be emphasized that most studies were con-
cerned with the investigation of a certain frequency do-
main, for example the search for δ Scuti pulsation (Weiss
1983). All photometric investigations were carried out with
a photomultiplier (i.e. photoelectrically), which has been
extensively and successfully employed for light variability
studies of CP stars. Attained measurement accuracies were
generally of the order of a few mmags (Blanco et al. 1978;
Dukes & Adelman 2018). In general, as regards methodol-
ogy, the past studies on 21Com have been very heteroge-
neous, e.g. in regard to the employed instrumentation, ob-
serving cadence, or the (non-)use of comparison stars. The
binarity study of Abt & Willmarth (1999), which – to our
knowledge – is the only work that concluded that 21Com
is a spectroscopic binary (SB) system, is discussed in more
detail in Section 3.6.
In summary, the ACV variability of 21Com has been
well established because of its large amplitude (about
0.02mag). Most published periods are either approximately
1.1 or 2.2 d. As ACV variables are prone to exhibiting
double-waved light curves in several wavelength regions
(Maitzen et al. 1978; Leone & Catanzaro 2001), this dis-
crepancy can be readily explained.
The situation is much less clear for the period range
between a few to 90 minutes, and contradictory results have
been obtained over almost 40 years. Most strikingly, on
the same level of photometric accuracy and with the same
set of filters, some studies reported variability on diverse
time scales while others reported constancy. This unsatis-
factory situation has probably constituted the main cause
why 21Com has not been observed during the past 25 years.
In the following, we exemplarily discuss the results of some
studies devoted to the short period (δ Scuti and roAp) re-
gion.
Due to the authors listing only very few details,
an assessment of the very short periods reported by
Musielok & Kozar (1982) is very difficult. The authors an-
alyzed more than 450 measurements obtained on 60 nights,
MNRAS 000, 1–14 (2019)
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Figure 2. Measured radial velocities of 21 Com as a function of
time.
but neither data, light curves nor frequency spectra were
presented, and the lack of information on the observing ca-
dence renders it impossible to check whether the derived
periods are related to the sampling frequency and thus rep-
resent aliases of the rotational frequency of the star. We
note, however, that the authors caution that, due to the low
S/N ratio of the variability signal, further independent proof
of the reality of their results is necessary.
From an analysis of photometric observations taken dur-
ing eight nights in 1978 and 1979, Zverko (1987) reported
a rotational period of 1.83736 d. He furthermore confirmed
the existence of short term variations and, after prewhiten-
ing his data with the (incorrect) rotational period, derived
possible short periods around 90 min. Using the original data
from Table 3 of Zverko (1987), we reanalyzed the data em-
ploying the correct rotational period of 2.05219 d (cf. Eq.
1). Interestingly, no significant signals in the corresponding
period range around 90 mins remain (Fig. 1). We would like
to emphasize that Zverko (1987) discussed possible periods
and stressed the preliminarity of his analysis – an important
piece of information that has unfortunately got lost in later
review papers (e.g. Kreidl et al. 1990).
Ventura & Rodono (1993) analyzed observations made
on five nights in 1987 and six nights in 1988 and concluded
that the star exhibits short-term variability with periods of
37 min, 65 min, and 95 min. Unfortunately, the authors did
not list their observations in tabular form so that it was
not possible to duplicate their results and we had to rely
on the presented light curves. Only the light curves of data
taken during four nights are illustrated, and there seems to
be some confusion as to the observational date: the same
dataset is identified with two different dates in the figures
(February 10, 1988 versus February 9, 1988; compare the
upper panels of Figs. 2 and 8 in Ventura & Rodono 1993).
Except for some rather sudden excursions, the depicted light
curve bands in Figs. 2 and 8, which illustrate the nightly ob-
servations taking during time intervals of about two to four
hours, look rather constant and exhibit non-negligible scat-
ter. Only from visual inspection, the presence of δ Scuti-type
variations in these data is, of course, hard to assess. How-
ever, bearing in mind the short observational time span, the
simultaneous fitting of the nightly data with three frequen-
cies appears a rather optimistic approach and the authors
caution that further investigation is required in regard to
the presence of δ Scuti variability in 21Com.
In summary, as these examples illustrate, there seems to
be no hard evidence for the presence of short period signals
in the very heterogeneous body of work that has been con-
cerned with the variability of 21Com. Some of the main con-
cerns we could identify were (a) time-series analysis based
on very short data sets, (b) the use of no comparison/check
stars, and (c) the use of a variable comparison star (18Com;
cf. Section 3.4). In some cases at least, these issues seem to
have led to overinterpretation of the available data.
3 DATA SOURCES AND FREQUENCY
ANALYSIS
The following sections give an overview over the data sources
and the employed methods of frequency analysis. Here, and
throughout the paper, frequencies are given to the last sig-
nificant digit.
3.1 Radial velocity observations
Radial velocity (RV) measurements were obtained using the
e´chelle eShel spectrograph of the Stara´ Lesna´ Observatory
(High Tatras, Slovakia), which is part of the Astronomical
Institute of the Slovak Academy of Sciences. The spectro-
graph is attached to a 60 cm (f/12.5) Zeiss reflecting tele-
scope (G1 pavilion). The employed CCD camera (ATIK
460EX) uses a 2750x2200 chip resulting in a resolving power
between 11 000 and 12 000 within a spectral range 4 150 to
7 600 A˚. The reduction of the raw frames and extraction of
the 1D spectra using the IRAF package tasks, Linux shell
scripts, and FORTRAN programs, have been described by
Pribulla et al. (2015). The wavelength reference system, as
defined by the preceding and following Th-Ar exposures, was
stable to within 0.1 km s−1.
RVs were measured with our own implementation of
the two-spectra cross-correlation function (CCF) technique
TODCOR (Zucker & Mazeh 1994), for which a synthetic
spectrum was calculated with the atmospheric parameters
and abundances given in Sect. 4.1. We crosschecked the de-
rived RV values with those of the FXCOR task within IRAF,
which yielded essentially identical results. The resulting RV
curves are shown in Figure 2.
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3.2 MOST observations
The Microvariablity and Oscillations of Stars (MOST) mis-
sion is a Canadian microsatellite designed to detect stellar
oscillations with micromagnitude precision in bright stars.
The spacecraft is equipped with a 15-cm Rumak-Maksutov
telescope that feeds two Marconi 47-20 frame-transfer CCD
devices (1024x1024 pixels). Observations are taken through
a custom broadband filter with a wavelength coverage from
about 3 500 to 7 000 A˚. MOST is in a Sun-synchronous po-
lar orbit, which allows the monitoring of stars between –19◦
and +36◦ declination for up to two months. It has an orbital
period of about 101min. Being dedicated entirely to astero-
seismology, MOST has contributed (and still is contributing)
significantly to our understanding of stellar atmospheres and
the internal composition of stars. For more information on
the MOST satellite, the reader is referred to Walker et al.
(2003).
21 Com was observed in Direct Imaging (DI) mode for a
timespan of 48.27 days (HJD 2457816.2560–2457864.5274),
during which a total number of 31 816 observations were pro-
cured. Prior to HJD 2457844.8635 (indicated by the dashed
line in the upper panel of Fig. 3), the observing time was
split between 21Com and another star, which resulted in
a reduced duty cycle and conspicuous data spacing in the
corresponding part of the data set. From HJD 2457844.8635
onwards, 21Com was observed exclusively and the observing
cadence consequently increased to near-continuous coverage.
While orbiting the partially illuminated Earth, MOST
is subjected to variable amounts of stray light. This leads
to artificial signals at multiples of the orbital frequency
(Reegen et al. 2006). Long-term mean magnitude shifts
(“jumps”) are also sometimes present, which were also ap-
parent in the data for 21Com. We have tried to augment this
situation by decorrelating against instrumental parameters,
such as temperature. While this reduced the amplitude of
the intrumental trends, they are still apparent in the data.
The MOST light curve of 21Com is illustrated in Figure 3
(upper and middle panels). The final light curve has a rela-
tive point-to-point scatter of ∼0.75 ppm.
3.3 Ground-based photometry
We acquired photoelectric time-series observations of
21Com with the 0.75-m Automatic Photoelectric Telescope
(APT) T6 at Fairborn Observatory in Arizona. Differen-
tial photometry was collected through the Stro¨mgren v fil-
ter, with 18Com (C1, HD108722, V = 5.47mag, F5 IV) and
22Com (C2, HD109307, V = 6.24mag, A4Vm) as compari-
son stars. Because we wished to sample both the long-term
rotational modulation of 21Com as well as possible roAp os-
cillations properly, an observing sequence C1 - Sky - V - C2 -
V - C1 - Sky - V and so on, with two integrations of 20 s each
for each star, was chosen. That way the first data sampling
alias occurs at 798 c/d, i.e. an effective Nyquist frequency of
399 d−1 (period of 3.6 min) is reached. As the measurement
of sky background destroys the equidistant sampling of the
variable star’s measurements, Nyquist aliases are very low
in amplitude (< 30% of an intrinsic peak). Therefore, these
data are well suitable for frequency searches above the nom-
inal Nyquist frequency.
The data were reduced in a standard way, starting by
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Figure 3. Light curves of 21Com. The panels illustrate, from
top to bottom, the full MOST light curve, a zoomed-in view of a
10-day segment of the MOST light curve, and the full APT light
curve, respectively. Obvious outliers were removed from MOST
data by visual inspection. The dashed line in the upper panel in-
dicates HJD 2457844.8635, from which date onwards 21Com was
observed exclusively and the cadence consequently increased to
near-continuous coverage. The long-term trend seen in the APT
measurements is due to beating of the 2-d rotation period and
the nightly sampling of the data.
correcting for coincidence losses, sky background and extinc-
tion. A standard extinction coefficient of 0.34 mag/air mass
was used. Then, differential light curves were created and the
timings were corrected to the heliocentric frame. It turned
out that 18Com is itself a variable (see Sect. 3.4). Conse-
quently, this variability was removed from the 21Com data
before proceeding with the analysis. The final data set for
21Com comprised 3 969 differential measurements with an
rms error of 1.9 mmag per single data point, and spanned
59 days from January to March 2018 (31 nights of actual
observation).
3.4 18Com - a new variable star
As mentioned above, we here report, for the first time,
the variability of 18Com (HR4753), which has often been
employed as comparison star for measuring 21Com during
several decades (Sect. 2). Our photometric measurements
are indicative of variability with a frequency of 0.70599 d−1
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(P=1.41645 d) and an amplitude of 8mmag (Fig. 4), in ad-
dition to a slower trend in the light curve.
Given the period and light curve shape, there are three
possibilities that may explain the variability of 18Com: pul-
sation, rotational variation, or ellipsoidal variability with
an orbital period twice the photometric period. For their
examination some knowledge of the basic stellar param-
eters is required; several determinations are given in the
literature. In chronological order, Reiners (2006) derived
Teff = 6490K, Mv = 1.71mag from Stro¨mgren photometry
and v sin i = 97 ± 5 kms−1, hence Prot/sin i = 1.74 d spec-
troscopically. Robinson et al. (2007) give Teff = 6535K, log
g = 3.68, and [Fe/H] = +0.32 from low-resolution spec-
troscopy. Casagrande et al. (2011) derived Teff = 6676K,
log g = 3.68, and [Fe/H] = +0.25 from colour-metallicity-
temperature and colour-metallicity-flux calibrations. Mean-
while, an accurate Gaia DR2 parallax (16.72 ± 0.10 mas;
Gaia Collaboration et al. 2016, 2018; Luri et al. 2018) be-
came available that leads to Mv = 1.54 ± 0.03. All these
determinations are in good agreement with each other. We
can therefore estimate the stellar radius with 3.44 ± 0.11R⊙
propagating the errors above. The evolutionary tracks used
by Casagrande et al. (2011) imply a mass of 1.93 ± 0.05M⊙
for 18 Com.
Turning to the possibility of an ellipsoidal variable, we
make two “extreme” assumptions for the secondary star, a
0.25M⊙ M dwarf and a 1.0M⊙ early G-type star. With
an orbital period of 2.833 d, Kepler’s Third Law yields or-
bital semimajor axes of 10.9 and 12.1 R⊙ for the two cases,
respectively. Therefore, the primary’s orbital velocity will
be 22.4/73.5 km s−1, respectively. A frequency analysis of
the radial velocities of 18Com listed by Abt & Levy (1976)
yields no periodic variability in excess of 9.3 kms−1. Fur-
thermore, for our two scenarios, Equation 6 of Morris (1985)
indicates a photometric semi-amplitude of ellipsoidal varia-
tions of 5.8 and 17.0 mmag/sin2 i, respectively. In summary,
if 18 Com had a companion in a 2.833-d orbit massive enough
to generate ellipsoidal variations with the measured ampli-
tude, the data by Abt & Levy (1976) should have revealed
its presence in radial velocity, which, however, is not the
case.
Investigating the case for rotational variability, the an-
swer is already hidden within the basic parameter determi-
nations quoted above. A rotational period of 1.416 d in our
data is consistent with the constraint Prot/sin i = 1.74 d and
yields an inclination of the rotation axis of ≈ 54o. As re-
gards to pulsation, the pulsation constant Q for a 1.416 d
variation would be 0.31 d for 18Com, which is well within
the range of known γ Doradus-type pulsators (cf. Fig. 9 of
Handler & Shobbrook 2002). On the other hand, in the HR
Diagram 18Com is located at the low-temperature/high-
luminosity corner of the γ Doradus instability strip (Balona
2018), which would make it somewhat unusual.
We conclude that the variability of 18Com is best com-
patible with rotational variation; however, gravity-mode pul-
sation cannot be excluded on the basis of the available data.
To separate the two hypotheses, time-resolved spectroscopy
would be very valuable as it would allow to investigate
whether we are dealing with nonradial pulsational or ro-
tational variation. Time-resolved colour photometry, on the
other hand, would allow to check whether any colour changes
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Figure 4. Photometric measurements of 18Com differential to
22Com as a function of phase. The data have been detrended and
folded with the mean frequency of 0.70599 d−1 (P=1.41645 d).
consistent with temperature variations caused by pulsation
are present.
3.5 21 Com - frequency analysis
Unless indicated otherwise, we have used the software pack-
age Period04, which employs discrete Fourier transforma-
tion and allows least-squares fitting of multiple frequencies
to the data (Lenz & Breger 2005). To extract all relevant
frequencies, the data were searched for periodic signals and
repeatedly prewhitened by the most significant frequency.
Periodogram features and corresponding phase plots were
carefully examined to prevent instrumental signals from con-
taminating our results.
To our knowledge, no search for RV or line profile vari-
ations caused by δ Scuti type pulsation has been performed
for 21Com (Sect. 2). An analysis of this kind of variations,
which occur on time scales of up to two hours, has to be per-
formed with care because the surface spots also create line
profile variations (Oksala et al. 2015). However, the latter
kind of variations are connected with the rotational period
of about two days and hence occur on a longer time scale.
The search for periodicities in the line profile vari-
ations was performed with a generalized form of the
least-squares power spectrum technique as described by
Mantegazza & Poretti (1999). We emphasize that the resolv-
ing power of our spectra (R ≈ 12 000) is at the lower limit
required for such an investigation, which is generally carried
out on spectra of higher resolution (Mantegazza & Poretti
2002). Using several strong Fe and Si lines, we have found no
variation exceeding 0.5% from the mean combined spectrum
of all observations.
The RV data, on the other hand, are indicative of vari-
ability in the corresponding frequency range. As can be seen
from Fig. 2, however, variations are only seen in small parts
of the data. Furthermore, there is an obvious long-term
trend, which might be related to either instrumental effects
or the longer rotational period of 21Com. After removing
the long-term trend from the data, the amplitude spectrum
shown in Fig. 5 has been derived. No statistically significant
signals are present; the broad peaks at around 7 and 22 d−1
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Figure 5. Frequency analysis of the RV data for 21Com. Also
indicated is the 3σ level calculated from the noise. The broad
peaks at around 7 and 22 d−1 are only on a 1.8σ level.
are only on a 1.8σ level. Furthermore, even the higher fre-
quency corresponds to a period of about 70 minutes, which is
more than twice as long as the period(s) reported in the past
(Table 1). In summary, no evidence for δ Scuti pulsation is
present in our spectroscopic data. We caution, however, that
this finding is to be viewed in the context of the limitations
of the employed dataset.
Figure 6 illustrates the spectral windows of the complete
MOST data set (upper panel), of MOST data obtained af-
ter HJD 2457844.8635 (middle panel) and the complete APT
data set (lower panel). The spectral windows of the MOST
data show a complex aliasing pattern that is dominated by
peaks at the satellite’s orbital frequency forb=14.2 d
−1 and
its integer multiples, and surrounding alias peaks, which are
separated from forb by 1, 2, and 3 d
−1. Because of the near-
continuous coverage achieved after HJD 2457844.8635, the
orbital frequency signal is much reduced in the more re-
cent data (Fig. 6, middle panel). As expected for single-
site ground-based data, the spectral window for APT data
is dominated by peaks at 1 d−1 plus corresponding integer
multiples.
As first step, a frequency search was carried out in the
range of 0< f (d−1)< 40 using the whole MOST dataset.
After the identification of the first two dominant frequen-
cies, f1=0.97458(2) d
−1 and f2=0.48729(3) d
−1 (Fig. 7,
panels (a) and (b)), the search range was restricted to
0.2< f (d−1)< 40. Only forb, its integer multiples and the
corresponding 1 d−1 alias peaks could be extracted subse-
quently from the complete data set.
As has been pointed out, the orbital frequency signal
is much reduced in data obtained after HJD 2457844.8635.
Therefore, we have restricted our search for small-amplitude
signals to the more recent data. After prewhitening for the
dominant frequencies f1 and f2, we have investigated the
frequency range of 10< f (d−1)< 40. Again, no signal was
found, only the above-mentioned multiples and alias peaks
of forb, albeit with significantly reduced amplitude (Fig. 7,
panel (c)). The peak with the next highest amplitude in the
investigated range is at 17.197443 d−1, which nearly exactly
corresponds to an alias of forb (the corresponding peak is
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Figure 6. Spectral windows of the complete MOST data set
(upper panel), of MOST data obtained after HJD 2457844.8635
(middle panel) and the complete APT data set (lower panel).
Note the different scales on the ordinates.
identified with an arrow in panel (c)). After that, only fur-
ther frequencies related to forb can be identified.
In addition, we have searched for the presence of high-
frequency signals in the roAp star frequency domain (about
70 to 300 d−1) in the more recent MOST data taken after
HJD 2457844.8635. The investigated range is dominated by
signals at forb, its integer multiples and the corresponding
1 d−1 alias peaks. Panel (d) of Fig. 7, which shows a sam-
ple part of the investigated frequency range, illustrates this
situation. No significant frequencies could be extracted. The
results of our frequency analysis of the MOST data are pre-
sented in Table 2.
APT data clearly confirm the two dominant low fre-
quencies identified in the MOST dataset; within the errors,
the same frequencies were derived. Furthermore, these data
are especially suited to the identification of high-frequency
signals and allow to expand the investigated frequency range
up to 399 d−1. Accordingly, APT data were employed to
search for high-frequency signals. No significant frequencies
with a semi-amplitude exceeding 0.2mmag were found in
the range from 5 to 399 d−1 (cf. Fig. 8). We interpret this as
additional evidence that the frequency at 17.197443 d−1 in
MOST data is related to the orbital frequency signal of the
satellite, as expected.
In summary, we conclude that the photometric data
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Figure 7. Frequency analysis of MOST data for 21Com, illus-
trating important steps of the frequency spectrum analysis. The
panels show, respectively, the frequency spectra of (a) unwhitened
data, (b) data that has been prewhitened by f1, (c) data obtained
after HJD 2457844.8635 that has been prewhitened by f1 and f2,
and (d) the same as in (c) but for a different frequency range.
The vertical dotted lines in panel (d) denote integer multiples
of the MOST orbital frequency. Note the different scales on the
ordinates and the abscissae in the bottom panels. The ordinate
axes denote semi-amplitudes as derived with Period04.
Table 2. Significant frequencies, semi-amplitudes and signal-to-
noise ratios detected in 21Com, as derived with Period04 from
MOST data.
ID Frequency Semi-amp. S/N Remark
[d−1] [mmag]
f1 0.97458(2) 6.0 87.4 2 frot
f2 0.48729(3) 4.5 56.0 frot
for 21Com are indicative of two significant frequencies at
f1=0.97458(2) d
−1 and f2=0.48729(3) d
−1, which are re-
lated to the star’s rotational frequency. No other significant
frequencies are present. The following elements were derived
using the APT and high-cadence MOST data.
HJD(Min) = 2457852.9936(1) + 2.05219(2) × E (1)
30 60 90 120 150 180 210 240 270 300 330 360 390
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Figure 8. Frequency spectrum of APT data for 21Com. APT
data have been prewhitened by f1 and f2. The ordinate axes denote
semi-amplitudes as derived with Period04.
3.6 On the possible binarity of 21Com
To our knowledge, the only work that identified 21Com as
an SB system was published by Abt & Willmarth (1999),
who found that the spectra indicate a double-lined binary
with components always blended by moderate rotation (51
and 60 kms−1). Combined orbital elements were derived,
which, however, are not very accurate. We emphasize that
no eclipses were ever observed in 21Com.
In Fig. 9, we present a phase plot of the RV observations
of Abt & Willmarth (1999), folded with the orbital parame-
ters given by the same authors. The proposed orbital period
is 18.813(10) d−1 and thus very different from the rotational
period. It is obvious that the behaviour of the RVs is not
consistent with an SB system. Sharp, step-like transitions of
both “components” occur at around phases ∼0.1 and ∼0.6,
apart from which the RVs remain fairly constant. Some data
points are out of the previously described trend. In these
cases, however, the data points obtained at the same obser-
vational dates are influenced in the same way, which may
indicate systematic errors.
For both components, the mean values of the RVs at the
individual observational dates are constant, which results in
a mean system velocity of +1.0(1.8) kms−1. In summary,
we conclude that the proposed SB nature of 21Com has
probably been based on a misinterpretation of the line pro-
file variations due to the stellar surface spots (Oksala et al.
2015). This is in line with the results from our spectroscopic
analysis (cf. Section 4.1), which also do not indicate that the
star is a double-lined spectroscopic binary.
4 ABUNDANCE ANALYSIS,
ASTROPHYSICAL PARAMETERS,
EVOLUTIONARY AND PULSATIONAL
MODELS
The following sections provide information on the chemical
composition of our target star, its astrophysical parameters
and the results from evolutionary and pulsational modeling
as well as the employed methods.
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Figure 9. Phase plot of the RV observations of Abt & Willmarth
(1999), folded with the orbital parameters given by the same au-
thors. Filled and open circles denote measurements for the pro-
posed primary and secondary components, respectively.
Table 3. Chemical abundances and standard deviations for indi-
vidual elements. Solar abundances were taken from Asplund et al.
(2009).
Element Z No. of Abundance1 Solar
lines used abundance
C 6 2 7.59 ± 0.00 8.43
O 8 2 8.10 ± 0.00 8.69
Na 11 2 6.94 ± 0.00 6.24
Mg 12 8 7.99 ± 0.20 7.60
Al 13 2 6.39 ± 0.00 6.45
Si 14 9 7.98 ± 0.18 7.51
S 16 3 7.68 ± 0.09 7.12
Ca 20 11 6.78 ± 0.18 6.34
Sc 21 2 3.44 ± 0.00 3.15
Ti 22 24 5.43 ± 0.18 4.95
V 23 1 4.83 ± 0.00 3.93
Cr 24 52 7.51 ± 0.11 5.64
Mn 25 5 6.26 ± 0.21 5.43
Fe 26 58 8.23 ± 0.12 7.50
Co 27 1 6.16 ± 0.00 4.99
Ni 28 13 6.56 ± 0.31 6.22
Zn 30 1 5.44 ± 0.00 4.56
Sr 38 5 5.98 ± 0.15 2.87
Y 39 7 2.76 ± 0.24 2.21
Zr 40 3 3.35 ± 0.48 2.58
Ba 56 2 1.84 ± 0.00 2.18
Ce 58 2 2.37 ± 0.00 1.58
Pr 59 1 2.31 ± 0.00 0.72
Nd 60 8 2.71 ± 0.20 1.42
Sm 62 2 2.54 ± 0.00 0.96
1 given in log(NEL/NH) + 12.0
4.1 Abundance analysis and astrophysical
parameters
The high resolving power (R=65 000) spectra for the abun-
dance analysis were obtained with ESPaDOnS (Echelle
SpectroPolarimetric Device for Observations of Stars) in the
spectral domain from 3 700 A˚ to 10 000 A˚. Optical charac-
teristics of the spectrograph and instrument performance
are described by Donati et al. (2006). The pipelined-reduced
spectra were taken from the CFHT Science Archive2. All
available spectra were averaged to minimize the effect of line
profile variations due to stellar spots. Investigating both in-
dividual and mean spectra, we found no indications that the
star is a double-lined spectroscopic binary (see also Section
3.6).
Effective temperature Teff and surface gravity log g were
determined from comparison of the observed and synthetic
hydrogen Hγ, Hβ and Hα lines (Catanzaro et al. 2010). To
estimate the uncertainties of Teff and log g, we took into ac-
count the differences in the values obtained from separate
Balmer lines, which result from validity of normalization.
Atmospheric parameters obtained from the hydrogen
Balmer lines fitting were checked through an analysis of the
Fe I and Fe II lines. In this step, effective temperature, sur-
face gravity and microturbulence ξ were changed until no
difference between the iron abundances as determined from
the different lines remained. It was not possible to use the
trend of iron abundance versus excitation potential and the
ionization equilibrium of Fe I and Fe II because of the rel-
atively high projected rotational velocity υ sin i of the star,
which results in strong blending of spectral lines. We used
the spectrum synthesis method, which allows for simultane-
ous determination of various parameters affecting the shape
of the spectral lines, like Teff , log g, ξt , υ sin i, and chemical
abundances. Atmospheric parameters have been set before
the chemical abundance determination.
From the analysis of the hydrogen and iron lines, we
have determined Teff = 8 900 ± 200K, log g = 3.9 ± 0.2, ξ =
0.7 ± 0.2 kms−1 and υ sin i = 63 ± 2 km s−1. The obtained
chemical abundances compared with the solar abundances
from Asplund et al. (2009) are given in Table 3 and shown
in Figure 10. Our results fit in well with the parameters from
former investigations (Table 4).
The used atmospheric models (plane-parallel, hydro-
static and radiative equilibrium, 1-dimensional) were cal-
culated with the ATLAS9 code (Kurucz 2014), whereas the
synthetic spectra were computed with the line-blanketed,
local thermodynamical equilibrium code SYNTHE (Kurucz
2005). Both codes have been ported to GNU/Linux by
Sbordone (2005). We used the latest version of line list avail-
able at the webpage of Fiorella Castelli3.
The iron-peak elements, especially Cr, are strongly en-
hanced, whereas the light elements C and O are slightly
underabundant. Sr is also strongly enhanced. We therefore
conclude that 21Com is a typical CP2 object.
Finally, we searched for the presence of the Pr-Nd
anomaly (Ryabchikova et al. 2004), which is a strong spec-
troscopic signature of the roAp phenomenon. The anomaly,
2 http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/cfht/
3 http://wwwuser.oats.inaf.it/castelli/
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Figure 10. Comparison of the chemical composition of 21Com (orange stars) to the solar abundance pattern from Asplund et al. (2009)
(green circles). Overabundant and underabundant elements in 21Com are indicated, respectively, above and below their corresponding
symbols.
Table 4. Astrophysical parameters of 21 Com from former mod-
ern investigations (published during the past 20 years) and the
present study. We note that several studies do not provide error
estimates.
References Teff log g log L/L⊙
[K]
Gebran et al. (2016) 8 300 3.3
Silaj & Landstreet (2014) 8 800 1.602
Koleva & Vazdekis (2012) 8 906(1 668) 4.19(1.54)
McDonald et al. (2012) 8 327 1.53
Lipski & Ste¸pien´ (2008) 8 750
Netopil et al. (2008) 8 700(240)
Kochukhov & Bagnulo (2006) 8 950(300) 1.71(7)
Adelman & Rayle (2000) 8 700 4.0
Sokolov (1998) 8 850(450)
This work 8 900(200) 3.9(2) 1.582(15)
reported for almost all roAp stars, manifests itself as a dif-
ference of at least 1.5 dex in element abundance derived
separately from the lines of the second and first ions of
Pr and Nd. The temperatures of the roAp stars analyzed
in Ryabchikova et al. (2004) range from 6 600K to 8 100K.
Our target, 21 Com, is 800K hotter than the upper limit,
which would render it an outstanding object among this
group. We were only able to identify one unblended Nd ii
line at 5248.79 A˚. The abundance derived from this line does
not differ from that derived from seven different, (partially-
)blended Nd iii lines. Although based on only one unblended
line, this demonstrates that 21 Com lacks one of the key
characteristics of roAp stars, in line with the results from
the frequency analysis (cf. Section 3.5).
4.2 Evolutionary models
21Com has an accurately determined effective temperature
and parallax, which strongly confine its global parameters.
In Fig. 11, we show the Hertzsprung-Russell (HR) diagram
with the location of 21Com and the corresponding error box,
using the effective temperature determined from our spec-
troscopic analysis, logTeff = 3.9494(98). The luminosity has
been calculated with the Gaia parallax π = 12.009(140)mas
and is equal to log L/L⊙ = 1.582(15). The bolometric correc-
tion, BC=−0.048 ± 0.029, was adopted from Flower (1996).
For a given value of effective temperature and lumi-
nosity we can derive the stellar radius, R. Using rotational
frequency and radius, the rotational velocity, Vrot, can be ob-
tained. Both parameters, R and Vrot, depend slightly on the
position of the star in the HR diagram. In the observed error
box, we found that the radius changes from 2.4 to 2.8 R⊙ and
the rotational velocity from 60 to 68 km s−1. As a result, we
have adopted R= 2.6 ± 0.2R⊙ and Vrot= 64± 4 kms
−1. With
the determined value of υ sin i= 63 ± 2 kms−1 (cf. Section
4.1), we can also constrain the inclination angle i ∈ 〈64°, 90°〉.
Evolutionary tracks for masses from 2.23 to 2.33M⊙
were calculated with the Modules for Experiments in Stellar
Astrophysics (MESA) code (Paxton et al. 2011, 2013, 2015,
2018). We also applied the MESA Isochrones and Stellar
Tracks (MIST) configuration files (Dotter 2016; Choi et al.
2016) and assumed metallicity Z = 0.017, initial hydrogen
abundance Xini = 0.7 and exponential overshooting param-
eter from the hydrogen-burning convective core, fov = 0.01.
In our computations, we used the OPAL opacity tables
(Iglesias & Rogers 1996), supplemented with the data pro-
vided by Ferguson et al. (2005) for the low temperature re-
gion. We employed the solar chemical element mixture as
determined by Asplund et al. (2009).
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Figure 11. HR diagram with stellar evolutionary tracks, the po-
sition of 21 Com, and its corresponding error box. Evolutionary
models were calculated for masses from 2.23 to 2.33M⊙ with a
step-size of 0.02M⊙. We assumed metallicity Z = 0.017, initial
hydrogen abundance Xini = 0.7, and exponential overshooting pa-
rameter fov = 0.01.
From the HR diagram (Fig. 11), we can see that the
mass of the star is of the order of 2.27M⊙ . Its position fur-
thermore indicates that the star is most probably in the
Main Sequence (MS) stage. Nevertheless, post-MS phases
cannot be entirely ruled out. If we assume low metallicity of
the order of 0.01, we can – in the error box – find models
on the contraction phase (CoP) and after the loop (AL).
Evolutionary changes of the rotational frequency are too
small for detection, even for the fastest evolutionary phase
(dfrot/dt ≈ −1.1 × 10
−9 d−1s−1 on the MS, 2.8 × 10−8 d−1s−1
on the contraction phase and −4.6 × 10−9 d−1s−1 after the
loop). Therefore, we decided to check models on these dif-
ferent evolutionary phases. Theoretically, the star could be
also in an early phase of evolution before the zero-age MS
stage. However, 21 Com is most certainly a member of the
intermediate age open cluster Melotte 111, which excludes
the possibility of its being a pre-MS star. In the following,
we will first consider the most probable case, viz. that the
star is on the MS.
In order to constrain as many parameters as possi-
ble, we fitted the observed values of effective temperature
logTeff = 3.9494 (8 900 K), luminosity log L/L⊙ = 1.582 and
rotational frequency, frot= 0.487 d
−1. Fitting frot required
the simultaneous adjustment of rotational velocity and ra-
dius.
The MS models, called MS1 and MS2, were calcu-
lated for initial hydrogen abundance Xini = 0.700, radius
R = 2.6 R⊙ , rotational velocity Vrot = 64 km s
−1 and two val-
ues of metallicity, Z = 0.017 and 0.020, respectively. Model
MS3 has Z = 0.017 and lower Xini = 0.650, yielding a higher
helium content. The parameters of all models are given in
Table 5, which is organized as follows:
• Column 1: model name.
• Column 2: exponential overshooting parameter, fov.
• Column 3: initial abundances of hydrogen, Xini.
• Column 4: initial abundances of helium, Yini.
• Column 5: metallicity, Z .
• Column 6: stellar mass, M [M⊙ ].
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Figure 12. Kiel diagram with the position of 21Com as derived
from spectroscopic analysis. The dotted lines are evolutionary
tracks for the given masses. The abbreviations on the left hand
side are for the different models of 21 Com listed in Table 5 and
discussed in Section 4.2.
• Column 7: age, calculated from cloud collapse.
• Column 8: surface gravity.
• Column 9: central hydrogen content, Xc.
The different metallicity input values produce small but
significant changes in model mass, with higher values of Z
resulting in larger masses, e.g. M =2.2708M⊙ for Z = 0.017
and M =2.3666M⊙ for Z = 0.020. The core hydrogen abun-
dance also increases with metallicity, while the age of a
model decreases with increasing Z .
The contraction phase after the MS lasts about 3% of
the MS lifetime. The parameters of the corresponding model,
which we have termed CoP, are given in Table 5. It has a
smaller mass than the MS models, i.e. M = 2.0471M⊙ . The
more evolved model situated after the loop (termed AL) has
an even smaller mass, M = 1.9849M⊙ . The duration of this
evolutionary phase is about 2% of the MS stage. It is im-
portant to point out that these two models, CoP and AL,
have smaller metallicity and overshooting from the convec-
tive core. This adjustment was necessary to place the corre-
sponding evolutionary paths inside the observed error box.
Last, we checked the impact of different opacity tables
on the calculated models by using the new Los Alamos data
(Colgan et al. 2016, 2015, OPLIB). The resulting model,
OPLIBMS1, is rather similar to that derived with the OPAL
data (see Table 5).
A comparison of the theoretical gravity value with the
one derived from spectroscopy gives rather good agreement.
In Fig. 12, we show the Kiel diagram (logTeff vs. log g) with
the position of 21Com and the models from Table 5.
4.3 Pulsational models
The detection of short-term variability in the past has led
to the tempting suggestion of the presence of pulsation in
21Com. However, judging from the available parameters,
the star seems to be too hot for δ Scuti type pulsation,
and the blue border of the theoretical instability strip in
the HR diagram is situated to the right of the position of
21Com (see for example Pamyatnykh 2000; Dupret et al.
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Table 5. Models of 21Com fitting the observed values of effective temperature, luminosity, and rotational frequency.
Model f ov Xini Yini Z M age log g Xc
[M⊙] [Myr]
MS1 0.01 0.700 0.283 0.017 2.2708 514.359 3.9628 0.310
MS2 0.01 0.700 0.280 0.020 2.3666 444.908 3.9808 0.316
MS3 0.01 0.650 0.333 0.017 2.1257 493.800 3.9341 0.251
CoP 0.00 0.700 0.290 0.010 2.0471 670.407 3.9178 0.005
AL 0.00 0.700 0.290 0.010 1.9849 732.774 3.9043 0.000
OPLIB MS1 0.01 0.700 0.283 0.017 2.2856 498.929 3.9656 0.310
2004; Xiong et al. 2016). Nevertheless, the instability region
is not far from the parameters of 21Com and we decided to
check this hypothesis by calculating pulsational models.
Theoretical frequencies were calculated with the cus-
tomized non-adiabatic pulsational code of Dziembowski
(1977a,b). The code uses the frozen convective flux approxi-
mation, which is not valid in the region with efficient convec-
tive energy transport. Fortunately, 21 Com is hot enough to
be appropriately calculated with this simplification because
convective transport is not very efficient in our target star,
as only about 5% of energy will be transported by convective
bubbles.
In Fig. 13, we plotted the instability parameter, η
(Stellingwerf 1978), as a function of frequency for the MS1
(upper panel) and MS3 (bottom panel) models of 21Com. If
η > 0, then the corresponding mode is excited in a model. We
have considered modes of degrees ℓ = 0, 1, 2 and 3. For clar-
ity, only centroid modes, i.e. with azimuthal number m = 0,
are shown in the plots.
The models MS1 and MS3 differ primarily in assumed
initial helium abundance, Y = 0.283 for MS1 and 0.333 for
MS3. This is a very important parameter as the main driving
mechanism for δ Scuti pulsation is the κ mechanism operat-
ing in the He II partial ionization zone (Dupret et al. 2005).
Due to this fact, we notice an increase in the instability pa-
rameter with increasing helium content. Nevertheless, modes
are still stable throughout the observed frequency range. In-
cluding rotationally-split modes does not alter this situation
because at Vrot= 64 ± 4 kms
−1, the resulting impact on the
modes is negligible. The differences in metallicity between
the models do not significantly impact the results either.
The pulsational properties of the models of other evolu-
tionary phases differ considerably. This can be clearly seen
in Fig. 14, which illustrates the instability parameter for the
CoP (middle panel) and AL (bottom panel) models. How-
ever, in no case, unstable modes were found.
In summary, our models do not predict the occurrence
of unstable modes in the investigated frequency range, in
agreement with the here presented null results from pho-
tometry and RV data. Without a significant increase of the
opacity in the He II ionization zone, no unstable modes can
be derived for the observed parameters of 21Com.
5 CONCLUDING REMARKS
Over four decades, the characteristics of the photometric
and spectroscopic variability of 21Com have been a matter
of debate. A consensus has only been reached on the large
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Figure 13. Instability parameter, η, as a function of frequency
for the MS1 (upper panel) and MS3 (bottom panel) models of
21Com. Modes of degrees ℓ = 0, 1, 2 and 3 were considered.
amplitude variability due to chemical abundance inhomo-
geneities (ACV variations), albeit different (though, in most
cases, related; cf. Sect. 2) periods were published. The exis-
tence of δ Scuti and roAp pulsations, however, has been a
debated topic throughout much of the star’s observational
history, which lead to the publication of many different peri-
ods and conflicting results. For the first time in 25 years, we
have performed a new investigation of 21Com using state-of-
the-art instrumentation (satellite and high-cadence ground-
based photometry, time series spectroscopy) and pulsational
modeling to shed more light on this matter.
Our abundance analysis confirms that 21Com is a clas-
sical CP2 star that shows increased abundances of, in par-
ticular, the iron-peak elements (most noteworthy Cr), and
Sr. Our photometric data confirm the existence of rota-
tional modulation on a period of 2.05219(2) d with an ampli-
tude of 19mmag due to surface abundance inhomogeneities.
However, no indication for additional variability on short
time scales was found in our photometric observations and
RV data. From the characteristics of our data, we estimate
that, in the range from 5 to 399 d−1, frequencies with semi-
amplitudes as low as 0.2mmag would have been detectable
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Figure 14. The same as in Fig. 13, but for the CoP (upper panel)
and AL (bottom panel) models of 21Com.
(cf. Section 3.5). Thus, the data used here are perfectly suit-
able for the detection of the targeted δ Scuti and roAp pul-
sations. In summary, we conclude that, in the accuracy limit
and time span of our extensive observational data, no short-
term variability was present in 21Com.
18Com, which has been regularly employed as compar-
ison star in the past, turned out to exhibit photometric vari-
ability with a period of P=1.41645 d and an amplitude of
8mmag. However, this fact (alone) cannot explain the vari-
ous literature claims as to the existence of photometric vari-
ability in 21Com on the time scales of minutes to two hours.
From spectroscopic analysis, we have derived Teff =
8 900 ± 200K, log g = 3.9 ± 0.2, and υ sin i = 63 ± 2 kms−1.
Employing the Gaia parallax, we have calculated a stellar
luminosity of log L/L⊙ = 1.582(15) and constrained the ra-
dius to R= 2.6 ± 0.2R⊙ . Using the observed value of the
rotational frequency, we furthermore derived a rotational
velocity of Vrot= 64 ± 4 kms
−1. From Vrot and the observed
value of υ sin i, we conclude that the star is seen nearly
equator-on, i ∈ 〈64°, 90°〉. The stellar mass strongly de-
pends on the employed model parameters. Assuming the
most likely scenario that 21Com is a MS object, we have
derived M = 2.29 ± 0.10M⊙ . None of our pulsational models
predict the occurrence of unstable modes in the investigated
frequency range, which is in agreement with the here pre-
sented null results from the time-series data.
While it is impossible to assess whether the star has ex-
hibited short-term variability at other times/phases in the
past, the new state-of-the-art and highly precise observa-
tional data, theoretical considerations (pulsational model-
ing) as well as the several issues/inconsistencies that have
been identified in previous studies aimed at identifying short
period variability strongly suggest that 21Com is neither a
δ Scuti nor a roAp pulsator but rather a classical “well-
behaved” CP2 star exhibiting rotational ACV variability.
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